Mechanical Pre-treatment Effect on Biological Methane Potential From Marine Macro Algae: Results from Batch Tests of Fucus Vesiculosus  by Pastare, Laura et al.
1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment.
doi: 10.1016/j.egypro.2016.09.021 
 Energy Procedia  95 ( 2016 )  351 – 357 
ScienceDirect
,QWHUQDWLRQDO6FLHQWLILF&RQIHUHQFH³(QYLURQPHQWDODQG&OLPDWH7HFKQRORJLHV´&21(&7
2FWREHU5LJD/DWYLD
0HFKDQLFDOSUHWUHDWPHQWHIIHFWRQELRORJLFDOPHWKDQHSRWHQWLDOIURP
PDULQHPDFURDOJDHUHVXOWVIURPEDWFKWHVWVRIFucus vesiculosus
/DXUD3DVWDUH,QWDUV$OHNVDQGURYV'DFH/DXND)UDQFHVFR5RPDJQROL
Institute of Energy Systems and Environment, Riga Technical University, Azenes iela 12/1, Riga, LV–1048, Latvia 
$EVWUDFW
0DFURDOJDHKDYH UHFHQWO\DWWUDFWHGDWWHQWLRQDVDSRVVLEOH IHHGVWRFNIRUHQHUJ\DVZHOODV IRUELRJDV0DFURDOJDHKDYHKLJKHU
SURGXFWLYLW\WKDQWHUUHVWULDOSODQWVDQGGRQRWFRPSHWHZLWKFURSVIRUDUDEOHODQGEXWLQVLJKWLVVWLOOQHFHVVDU\RQWKHELRJDV\LHOG
IRUDQRYHUDOOVXVWDLQDEOHHYDOXDWLRQ
7KHREMHFWLYHRI WKLV VWXG\ZDVDGGUHVVHG WRHYDOXDWH WKHHIIHFWPHFKDQLFDOSUHWUHDWPHQW 0:RQDQDHURELFGLJHVWLRQ $'
FRQYHUVLRQRIWKHEURZQDOJDHFucus vesiculosusZDVKHGDVKRUHLQWKH*XOIRI5LJD
7KH$'ZHUHFDUULHGRXW LQEDWFK WHVWVDW&RYHUDQ LQFXEDWLRQ WLPHQR ORQJHU WKDQ±GD\V LQRUGHU WRHYDOXDWH WKH
ELRORJLFDOPHWKDQHSRWHQWLDO%037ZRPHFKDQLFDOSUHWUHDWPHQWPHWKRGVZHUHWHVWHGLQFOXGLQJDELRPDVVZDVKLQJZLWK7$3
ZDWHUDQGDIXUWKHUPDQXDOFKRSSLQJXSWRDPD[LPXPVL]HRIPP7RWDOVROLGV76DQGYRODWLOHVROLGV96WHVWVZHUHGHILQHG
DFFRUGLQJ WR (3$ VWDQGDUGV >@ 7KH EDWFK WHVWEDVHG %03ZDV IXUWKHU FRPSDUHGZLWK WKH WKHRUHWLFDO ELRORJLFDO %03 IURP
%XVZHOO¶VIRUPXOD
7KHUHVXOWVVKRZWKH%03LVGRXEOLQJXSWRO&+NJ76LIDQ\SUHWUHDWPHQWVPHWKRGLVDSSOLHG7KHWKLFNHUFHOOZDOOVRI
WKHEURZQPDULQHDOJDHUHVSHFWRWKHUPDFURDOJDHW\SHVDQGDVZHOOUHVSHFWIUHVKZDWHUPDFURDOJDHZKLFKLQKLELWWKHDFWLYLW\RI
IHUPHQWDWLYHEDFWHULDGXULQJWKHK\GURO\VLVSURFHVV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI5LJD7HFKQLFDO8QLYHUVLW\,QVWLWXWHRI(QHUJ\6\VWHPVDQG(QYLURQPHQW
Keywords:PDFURDOJDHFucus vesiculosus%DOWLFVHDPHFKDQLFDOSUHWUHDWPHQWELRORJLFDOPHWKDQHSRWHQWLDO


&RUUHVSRQGLQJDXWKRU
E-mail address/DXUD3DVWDUH#UWXOY
Available online at www.sciencedirect.com
© 2016 The Authors. Published by Elsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment.
352   Laura Pastare et al. /  Energy Procedia  95 ( 2016 )  351 – 357 
,QWURGXFWLRQ
$VWKHIRVVLOUHVRXUFHOHYHOVDUHOLPLWHGRWKHUPHDQVRIHQHUJ\PXVWEHIRXQGLQRUGHUWRRIIVHWJURZLQJHQHUJ\
GHPDQG(YHQWKRXJKWKHDPRXQWRIUHVRXUFHVDFWXDOO\DYDLODEOHLVVWLOOKLJKWKHUHVHDUFKDQGGHYHORSPHQWRIQHZ
WHFKQRORJLHVQHHGWLPHWRVXEVWLWXWHWKHROGHURQHVDQGWKXVQHHGWREHHQFRXUDJHG>@7KHUHDUHPDQ\RWKHURSWLRQV
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RQO\SDUWRILWFDQEHXVHGHIILFLHQWO\DQGRQO\SDUWRILWFDQEHDFTXLUHGHIILFLHQWO\
/DWYLDDVSDUWRI(XURSHDQ8QLRQ(8LVWDNLQJSDUWLQDFKLHYLQJWKH(8WDUJHWVIRU\HDUNQRZQDV
7KHVH WDUJHWV DUH VWDWHG WR UHGXFHJUHHQKRXVHJDV HPLVVLRQV E\ FRPSDUHG WR \HDU WR FRPSULVH
RIHQHUJ\IURPUHQHZDEOHHQHUJ\VRXUFHV5(6DQGWRLQFUHDVHHQHUJ\HIILFLHQF\E\>@(YHQWKRXJK
/DWYLDDOUHDG\KDVKLJKXVHRIUHQHZDEOHHQHUJ\GXHWRK\GURHQHUJ\DQGKLVWRULFDOKLJKXVHRIZRRGELRPDVVWKH
VKDUHRI5(6VKRXOGEHLQFUHDVHGPRUH7KHLQFUHDVHLQ5(6VKDUHLQFOXGHVDOUHDG\H[LVWLQJWHFKQRORJLHVDVZHOODV
LPSOHPHQWDWLRQ RI QHZRQHV%LRJDV SURGXFWLRQ IURP WUDGLWLRQDO VXEVWUDWHV KDV LQFUHDVHG LQ UHFHQW \HDUV$V WKH
ILHOGLVGHYHORSLQJWKHXVHRIWKLUGJHQHUDWLRQIHHGVWRFNDVDOJDHFRXOGEHLPSOHPHQWHGLQDIHZ\HDUV>@
$OJDH DQGRWKHUZDWHUEDVHG SODQWV OLNHPDFURSK\WHV DUH QRZ FRQVLGHUHG DV D JRRG DQG YDOXDEOH RSWLRQ IRU
ELRJDV SURGXFWLRQ DV WKHLU JURZWK UDWHV H[FHHG WHUUHVWULDO SODQWV WKH\GR QRW XVH DUDEOH ODQGV DQG FDQJURZ LQ D
YDULHW\ RI FRQGLWLRQV VDOLQLW\ OHYHO OLJKWLQJ WHPSHUDWXUH HWF 6XEVWUDWHV ZLWK D ORZ OHYHO RI OLJQLQ DUH PRUH
IDYRXUDEOH IRU ELRPDVV GHJUDGDWLRQ WKDQ OLJQRFHOOXORVLF IHHGVWRFN 7KH\ DUH HDVLHU WR EUHDN GRZQ WKXV VDYLQJ
HQHUJ\IRUSUHWUHDWPHQWSURFHVVHVEHIRUHIHUPHQWDWLRQ>±@
,QFDVHRI/DWYLDERWKWKHIUHVKZDWHUDQGPDULQHZDWHUDOJDHDUHDYDLODEOH$VQRJRYHUQPHQWDOSURJUDPVH[LVWRQ
PRQLWRULQJ WKHZDWHU ERGLHV WKH DPRXQW DQG W\SHV RI DYDLODEOH ELRPDVV LV XQNQRZQ DVZHOO DV WKHPDFURDOJDO
VSHFLHVFRPSRVLWLRQDQGGLVWULEXWLRQ$FFRUGLQJWR%DOLQDHWDO>@WKHIROORZLQJDEXQGDQWVSHFLHVRIDOJDHKDYH
EHHQLGHQWLILHGLQ/DWYLDPhaeophyceaeEURZQDOJDHRhodophytaUHGDOJDHChlorophytaJUHHQDOJDH0RUHLQ
VSHFLILF WKH DXWKRUV LGHQWLILHG LQ WKH DOJDH JHQHUD DEXQGDQW RQ WKH FRVWOLQH Fucus vesiculosus, Furcellaria 
lumbricalis, Ulva intestinalis2QWKHFRDVWOLQHRIRSHQVHDFurcellaria sp.LVWKHPRVWREVHUYHGZKLOHLQWKH*XOIRI
5LJDFucus vesiculosusEURZQDOJDHDUHPRUHDEXQGDQW
0RVWO\LQDXWXPQODUJHDPRXQWVRIDOJDHDUHZDVKHGDVKRUHDORQJWKHFRDVWRI/DWYLD,QVRPHPXQLFLSDOLWLHV
DOJDH DUH FROOHFWHG E\ UHVLGHQWV IRU SHUVRQDO XVH LQ JDUGHQLQJ  XVHG IRU FRPSRVWLQJ DV VRLO VXSSOHPHQW RU DV
LQVXODWLRQOD\HUIRUSODQWV2FFDVLRQDOO\WKHFROOHFWHGDOJDHELRPDVVLVGLVSRVHG1RGDWDLVDYDLODEOHRQDPRXQWV
ZDVKHGRXW DQQXDOO\EXW DV UHSRUWHG LQRWKHU VWXGLHV >±@ WKLV ELRPDVV UHSUHVHQWV DQ LPSRUWDQW DQGYDOXDEOH
VRXUFHRIIHHGVWRFNLQELRJDVSURGXFWLRQ
7KH LPSRUWDQFH RI DOJDH SUHWUHDWPHQW DQG FRQGLWLRQLQJ IRU ELRJDV SURGXFWLRQ KDV EHHQ UHSRUWHG LQ VHYHUDO
VWXGLHV>@PRVWO\IRFXVHGRQHQKDQFLQJWKHK\GURO\VLVSURFHVVHV0RVWRIWKHSUHWUHDWPHQWPHWKRGVIRUDOJDH
ELRPDVVIRFXVRQSK\VLFDOSUHWUHDWPHQWLHPDFHUDWLRQ>@DQGPHFKDQLFDOSUHWUHDWPHQWZDVKLQJDQGJULQGLQJ
RUEHDWLQJSUHWUHDWPHQW>@
7KHDLPRIWKHVWXG\LVWRDQDO\VHPDULQHEURZQDOJDHFucus vesiculosusZDVKHGDVKRUHDVDVXEVWUDWHIRUELRJDV
SURGXFWLRQ 7KH VWXG\ ZLOO DOVR FRPSDUH WKH ODERUDWRU\ UHVXOWV ZLWK WKH WKHRUHWLFDO ELRORJLFDO PHWKDQH SRWHQWLDO
%03JLYHQE\ WKH%XVZHOO¶V IRUPXOD >@7KHPRVW VXLWDEOHSUHWUHDWPHQWPHWKRG VKRXOGEH IRXQGDVZHOO DV
PRVWVXLWDEOHFRGLJHVWLRQVXEVWUDWHEDVHGRQWKHLUFKHPLFDOFRPSRVLWLRQ
0DWHULDOVDQGPHWKRGV
7KHHYDOXDWLRQRIWKHF. vesiculosus%03KDVEHHQFDUULHGRXWE\EDWFKWHVWVIRUWKHHYDOXDWLRQRI%03WHVWVDQG
IXUWKHU FRPSDUHG ZLWK WKH WKHRUHWLFDO ELRORJLFDO %03 IURP %XVZHOO¶V IRUPXOD 7KH LPSOHPHQWHG SUHWUHDWPHQW
PHWKRG LQYROYHGPHFKDQLFDO FKRSSLQJ DQGZDVKLQJ 7KH DQDO\VHV RQ WKH FRPSRVLWLRQ RI WKH DOJDH ELRPDVV DQG
LQRFXOXPKDYHEHHQFDUULHGRXWLQRUGHUWRGHWHUPLQHWKHLQIOXHQFHRIDQDHURELFGLJHVWLRQSURFHVVHV
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2.1. Substrate and inoculum 
$PL[WXUHRIZDVKHGRXWDOJDHZDVKDUYHVWHGLQDXWXPQRQWKHVHDVLGHRI-XUPDODEHDFKFRDVWRI*XOIRI
5LJD ,WZDV IXUWKHU NHSW LQ WKH IUHH]HU WR DYRLG ELRGHJUDGDWLRQ RI ELRPDVV SULRU WR WKH ODERUDWRU\ WHVWV%HIRUH
IUHH]LQJ QR SUHWUHDWPHQWV ZHUH DSSOLHG 7KH PDLQ LGHQWLILHG VSHFLH LQ WKH KDUYHVWHG DOJDH PL[WXUH ZDVFucus 
vesiculosus
7ZRPHFKDQLFDOSUHWUHDWPHQWPHWKRGVDUHXVHGWRDQDO\VHWKHLULPSDFWRQ%03±ZDVKLQJRIVDOWDQGGHEULV
DQGFKRSSLQJ$KDUYHVWHGDOJDZDVZDVKHG LQUXQQLQJ WDSZDWHUXQWLOQRGHEULVPRVWO\VDQGZDVYLVLEOH LQ WKH
H[FHVVZDWHU0DQXDOFKRSSLQJRIDOJDHZDVFDUULHGRXWXQWLOWKHIUDFWLRQVL]HZDVDPD[LPXPRIPP
7RWDOVROLGV76DQGYRODWLOHVROLGV96WHVWVZHUHFDUULHGRXWSULRUWRWKHH[SHULPHQWXVLQJ(3$PHWKRGRORJ\
>@7KHWHVWVZHUHFDUULHGRXWIRUDOJDHDQGLQRFXOXPVHH7DEOH7KHFKHPLFDOFRPSRVLWLRQRIDOJDOELRPDVV
ZDVGHWHUPLQHGLQDFHUWLILHGODERUDWRU\
7DEOH7RWDOVROLGVDQGYRODWLOHVROLGVFRQWHQWRIF. vesiculosusDQGLQRFXOXP
6XEVWUDWHV 9RODWLOH6ROLGV 7RWDO6ROLGV
F. vesiculosus  
,QRFXOXP  

7KHXVHG LQRFXOXPZDV VHZDJH VOXGJH IURPDZDVWHZDWHU WUHDWPHQWSODQW'DXJDYJULYD 5LJDGLVWULFW/DWYLD
3ULRUWRWKHH[SHULPHQWLWZDVGHJDVVHGIRUGD\VLQDQLQFXEDWRUDWDWHPSHUDWXUHRI&LQRUGHUWRUHSURGXFH
WKHFRQGLWLRQVRIDFRGLJHVWLRQRSHUDWLQJV\VWHPDQGWRPLQLPLVHSRVVLEOHLQIOXHQFHVRQWKHH[SHULPHQWUHVXOWV1R
RWKHUSUHWUHDWPHQWPHWKRGVZHUHXVHGIRUWKHLQRFXOXP
2.2. Batch experiments 
7KHELRPHWKDQHSRWHQWLDO%03WHVWVZHUHFDUULHGRXWDWEDWFKWHVWOHYHOXQGHUPHVRSKLOLFFRQGLWLRQV&LQ
POVHUXPERWWOHVZLWKPD[LPXPORDGLQJYROXPHRIPO7KHXVHGLQRFXOXPELRPDVVUDWLRZDV$EODQN
UHIHUHQFH VDPSOHZLWK QR ELRPDVV LH RQO\ VOXGJHZDV DOVR VHW XS 7KH EDWFKHV FRQWDLQHG ELRPDVV LQRFXOXP
ZDWHUDQG01D+&2VROXWLRQDVDEXIIHUFDSDFLW\VHH7DEOH
7DEOH([SHULPHQWSODQZKHUH:±ZDVKHG1:±XQZDVKHG&±FKRSSHG1&±QRWFKRSSHG
$OJDH 3UHWUHDWPHQW 5DWLR ,QRFXOD :DWHU %XIIHU
1U 7\SH :HLJKWJ 76J :DVKLQJ &KRSSLQJ
$OJD
LQRFXOD
PO 76J PO PO
          
 F. vesiculosus   : &     
 F. vesiculosus   1: &     
 F. vesiculosus   : 1&     
 F. vesiculosus   1: 1&     

$IWHUILOOLQJWKHERWWOHVWKH\ZHUHIOXVKHGZLWKQLWURJHQJDVR[\JHQIUHHIRUPLQXWHVSULRUWRLQFXEDWLRQ7KH
OHQJWKRIWKHH[SHULPHQWZDVVHWDVRQHPRQWKRUXQWLOQRSURGXFWLRQRIJDVKDVEHHQUHJLVWHUHGIRUGD\VLQDURZ
$WULSOLFDWHRIVDPSOHVZHUHXVHG
3URGXFHGELRJDVZDVPHDVXUHGZLWKV\ULQJHVILOOHGZLWK01D2+VROXWLRQ$VVRGLXPK\GUR[LGHGLVVROYHVWKH
FDUERQ GLR[LGH ZLWKLQ LW WKH PHDVXUH ZDV UHODWHG RQO\ WR WKH YROXPH RI WKH PHWKDQH SURGXFHG H[FOXGLQJ WKH
LQIRUPDWLRQ RQ WKH VKDUH RI&2$VPHQWLRQHG WKLVPHWKRG GRHV QRW SURYLGH GDWD RQ WKH VKDUH RI ELRJDV EXW
UHSUHVHQWVDVLPSOHFKHDSDQGSUDFWLFDOPHWKRGWRSURYLGHSUHOLPLQDU\LQIRUPDWLRQDERXWWKHELRPHWKDQHSRWHQWLDO
IRUVFDOHXSV\VWHPV
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2.3. Theoretical biomethane potential yield calculations 
7KH ILUVW DWWHPSW WRHVWLPDWH WKH WKHRUHWLFDOPHWKDQH\LHOG IURP WKHELRJDVSURFHVVZDVGRQHEDFN LQE\
%XVZHOOZKRGHYLVHGDIRUPXODEDVHGRQWKHFKHPLFDOFRPSRVLWLRQRIVXEVWUDWHV>@7KHIRUPXODVHH(TLV
EDVHGRQHOHPHQWV OLNHFDUERQK\GURJHQR[\JHQDQGQLWURJHQ7KH IRUPXODJLYHVERWK WKH UDWLRRIPHWKDQHDQG
FDUERQGLR[LGHSURGXFHGDVZHOODVWKHWRWDODPRXQWRIELRJDVSURGXFHG%DVHGRQWKLVLQIRUPDWLRQIXUWKHUHQHUJHWLF
JDLQVFDQEHFDOFXODWHG
 
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
E R[\JHQDWRPVLQELRPDVV>@

$VLPSOHFDOFXODWLRQWRROEDVHGRQWKHHTXDWLRQKDVEHHQXVHGWRGHWHUPLQHWKHWKHRUHWLFDOPHWKDQHSRWHQWLDORI
Fucus vesiculosus7KHFDOFXODWLRQVDUHEDVHGRQWKHFKHPLFDOFRPSRVLWLRQRIDOJDHVHH7DEOHREWDLQHGIURPD
FHUWLILHGODERUDWRU\
7DEOH&KHPLFDOFRPSRVLWLRQRIZDVKHGRXWFucus vesiculosus
(OHPHQW & + 2 1
&RQWHQW    
5HVXOWV
3.1. Methane production and pre-treatment influence 
%DWFK WHVW OHYHO H[SHULPHQWV RI Fucus vesiculosus ELRORJLFDO PHWKDQH SRWHQWLDO ZHUH FDUULHG RXW 7ZR SUH
WUHDWPHQWPHWKRGVZDVKLQJDQGRUFKRSSLQJZHUHDSSOLHGWRDQDO\]HWKHLULQIOXHQFHRQWKH%03UHVXOWV7KHEDWFK
H[SHULPHQWVZHUHFDUULHGRXWLQWULSOLFDWHVWKHUHVXOWVVKRZDQDYHUDJHYDOXHRIVXFFHVVIXOVDPSOHVVHH7DEOH
7DEOH5HVXOWVRIELRORJLFDOPHWKDQHSRWHQWLDOWHVWVZKHUH:±ZDVKHG1:±QRWZDVKHG&±FKRSSHG1&±QRWFKRSSHG
1U 3UHWUHDWPHQWPHWKRG 7RWDO\LHOGLQFOXGLQJWKHLQRFXOXPLPSDFW/&+NJ96
$OJDH\LHOGZLWKRXWLQRFXOXPLPSDFW
/&+NJ96
    
 : &  
 1: &  
 : 1&  
 1: 1&  ±

$VLWFDQEHVHHQLQ7DEOHWKHKLJKHVWPHWKDQH\LHOGLVJDLQHGLQWKHVDPSOHZKHUHERWKSUHWUHDWPHQWPHWKRGV
ZHUH DSSOLHG 7KH VHFRQG EHVW UHVXOW LV IRU FKRSSHG DQG XQZDVKHG DOJDH \LHOGLQJ VLPLODU UHVXOWV DV XQFXW DQG
ZDVKHGDOJDH7KHXQWUHDWHGDOJDHVDPSOHVKRZVDQHJDWLYHYDOXHRIPHWKDQH\LHOGDVLWSURGXFHGOHVVPHWKDQHWKDQ
WKH UHIHUHQFH VDPSOHZLWKRQO\ LQRFXOXP7KLV FDQEH DWWULEXWHG WR WKH IDFW WKDW VDOWV LQ DOJDHZRUN DV LQKLELWRU\
HOHPHQWV$OVRWKHPDULQHDOJDHXVXDOO\KDYHWKLFNHUFHOOZDOOVWKDWDUHKDUGHUWREUHDNGRZQZLWKLQWKHK\GURO\VLV
SKDVH7KHFRPELQDWLRQRIWKHVHWZRIDFWRUVUHSUHVHQWVDFULWLFDOLW\DVVKRZQE\WKHUHVXOWVRIH[SHULPHQW
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(YHQWKRXJKWKHXVHRISUHWUHDWPHQWPHWKRGVVKRZVDQLQFUHDVHLQ WKH%03WKHUHVXOWVDUHUHODWLYHO\ORZ,Q
JHQHUDOVHYHUDOW\SHVRIDOJDHFDQSURGXFHPHWKDQHFRQWHQWDVKLJKDV±O&+NJ96>@,WVKRXOG
EHWDNHQLQWRDFFRXQWWKDWPDULQHDOJDHZLOOEHKDUGHUWREUHDNGRZQGXHWRFKDQJHVLQFHOOVWUXFWXUHLQIOXHQFHGE\
WKHVDOLQLW\RIZDWHU WKXVXQDYRLGDEOH LQPRVWFDVHV ,QRUGHU WRXQGHUVWDQGZKHWKHUDKLJKHUELRORJLFDOPHWKDQH
\LHOGFDQEHDFKLHYHGE\GLIIHUHQWSUHWUHDWPHQWPHWKRGVWKHRUHWLFDOPHWKDQH\LHOGLVGHWHUPLQHG
3.2. Theoretical methane yield 
%DVHGRQWKH%XVZHOOIRUPXODVHH(TFKDSWHUDQGWKHFKHPLFDOFRPSRVLWLRQRIFucus vesiculosusWKH
WKHRUHWLFDOPHWKDQH\LHOGLVO&+NJ967KHOLWHUDWXUHDQDO\VLVLVLQOLQHZLWKWKLVRXWFRPHVHH7DEOH
7DEOH7KHRUHWLFDODQGH[SHULPHQWDOFucus VesiculosusPHWKDQH\LHOG
$XWKRUV <LHOG &RPPHQWV 6RXUFH
3DVWDUHHWDO O&+NJ96 ([SHULPHQWDO%DWFK:DVKLQJ&XWWLQJ 
3DVWDUHHWDO O&+NJ96 7KHRUHWLFDO%XVZHOOHTXDWLRQ 
+XLOL/LHWDO O&+NJ96 ([SHULPHQWDO%DWFK1RSUHWUHDWPHQW >@
+XLOL/LHWDO O&+NJ96 ([SHULPHQWDO%DWFK0HFKDQLFDOHQ]\PHSUHWUHDWPHQW >@
+XLOL/LHWDO O&+NJ96 7KHRUHWLFDO >@
7HGHVFRHWDO O&+NJ76 ([SHULPHQWDO%DWFK1RSUHWUHDWPHQW >@
7HGHVFRHWDO O&+NJ76 ([SHULPHQWDO%DWFK0HFKDQLFDOSUHWUHDWPHQW >@

$V LW FDQEH VHHQ WKHUH VWLOO LV WKH SRVVLELOLW\ WR LPSURYHPHWKDQH \LHOG2QHRI WKH DVSHFWV LV WKH FULWLFDOLW\
UHODWHGWRWKHDOJDHFHOOVWUXFWXUH,QRUGHUWRLQFUHDVHWKHRYHUDOO%03SUHWUHDWPHQWPHWKRGVVKRXOGEHDLPHGDW
EUHDNLQJGRZQHDVLO\
$QRWKHURSWLRQWRLQFUHDVHWKHRYHUDOO%03ZRXOGEHWRLQFUHDVHWKHUHWHQWLRQWLPHLQRUGHUWRJLYHEDFWHULDPRUH
WLPH WREUHDNGRZQ WKHELRPDVV7KHSUREOHPZLWK WKLV VROXWLRQXVXDOO\ LV WKHHIILFLHQF\GHFUHDVHDVZHOO DV WKH
SRVVLELOLW\ RI EDFWHULD VWDUYLQJ WR WKH SRLQW RI G\LQJ &RGLJHVWLRQ RI WZR GLIIHUHQW VXEVWUDWHV PLJKW VROYH WKLV
SUREOHP,IWKHRWKHUVXEVWUDWHVRIIHUVHDV\WREUHDNGRZQFRPSRXQGVDVZHOODVFRPSOLHVZLWKWKH&1UDWLRQHHGV
RIH[LVWLQJVXEVWUDWHWKHRYHUDOOHIILFLHQF\RIWKHSURFHVVFRXOGEHLPSURYHG
8VLQJ WKH %XVZHOOV IRUPXOD VHYHUDO FRGLJHVWLRQ RSWLRQV DUH FRPSDUHG 7UDGLWLRQDO VXEVWUDWHV VXFK DV FDWWOH
PDQXUHDQGVOXGJHDUHREVHUYHGDVZHOODVXQWUDGLWLRQDOZLOORZFDWNLQVVHH7DEOH:LOORZFDWNLQVDUHFKRVHQIRU
WKHLUKLJKFDUERQFRQWHQWWREDODQFHRXWWKH&1UDWLRWRRSWLPDO±WRUDQJH>@6OXGJHDQGFDWWOHPDQXUH
DUHVHOHFWHGDVVXEVWUDWHVEHFDXVHWKH\FRQWDLQHDV\WRGLJHVWFRPSRXQGV
:LOORZFDWNLQVDORQHFDQSURGXFHORZHUPHWKDQHFRQWHQWWKDQFucus vesiculosusWRJHWKHUWKHLU%03LVDYHUDJHG
WRDURXQGO&+NJ76ZLWKDQRSWLPDO&1UDWLRRI(YHQWKRXJKWKLVVXEVWUDWHORZHUVWKHWKHRUHWLFDO%03
LWPLJKWLPSURYHWKHDFWXDOPHWKDQH\LHOGE\LQFUHDVLQJWKHUHWHQWLRQWLPHZLWKRXWWKHHIILFLHQF\ORVV
7DEOH7KHRUHWLFDOPHWKDQH\LHOGEDVHGRQVXEVWUDWHFRQWHQW
6XEVWUDWH & + 2 1 &1UDWLR
0HWKDQH\LHOG
O&+NJ76
6RXUFH
Fucus vesiculosus       
:LOORZFDWNLQV       >@
F. vesiculosus:LOORZFDWNLQV       
6OXGJH       >@
F. vesiculosusVOXGJH       
&DWWOHPDQXUH       >@
F. vesiculosus&DWWOHPDQXUH       


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%RWKVOXGJHDQGPDQXUHKDYHVLPLODU WKHRUHWLFDODQGDFWXDO%03\LHOGV WKHLUFRGLJHVWLRQZLWKEURZQPDULQH
DOJDHRIIHUVLPLODUUHVXOWV7KHRUHWLFDOO\WKH\LHOGLQFUHDVHVNQRZLQJWKHGLIIHUHQFHVLQGLJHVWLRQVSHHGFRPSDUHGWR
F. vesiculosusSUDFWLFDOO\WKHVDPHVKRXOGEHKDSSHQLQJ$VWKH%XVZHOOVHTXDWLRQVGRQRWWDNHLQWRDFFRXQWIDFWRUV
OLNH LQKLELWRUV VDOWV WHPSHUDWXUH FKDQJHV S+ OHYHOV DQG VR RQ H[SHULPHQWV DUH QHHGHG WR FRQILUP WKDW WKHVH
FKRVHQVXEVWUDWHVZRXOGEHDJRRGILWZLWKF. vesiculosusDQGLQFUHDVHWKHRYHUDOO%03
&RQFOXVLRQDQGGLVFXVVLRQ
7KHDLPRIWKHVWXG\ZDVWRDQDO\]HDOJDHZDVKHGDVKRUHLQWKH*XOIRI5LJDDVDVXEVWUDWHIRUELRJDVSURGXFWLRQ
7KHPDLQ VSHFLH RI KDUYHVWHG DOJDHZDVFucus vesiculosus/LWHUDWXUH DQDO\VLV VXJJHVW WKDW WKHRUHWLFDO ELRORJLFDO
PHWKDQH SRWHQWLDO LV DURXQG ±O&+NJ76 GHSHQGLQJ RQ FKHPLFDO FRPSRVLWLRQ DQG 7696 FRQWHQW
([SHULPHQWDO\LHOGRIF. vesiculosusGHSHQGVRQWKHSUHWUHDWPHQWVDSSOLHGQRSUHWUHDWPHQWUHVXOWVLQDORZHU\LHOG
XQGHUO&+NJ76ZKLOHDSSOLFDWLRQRISUHWUHDWPHQWPHWKRGVFDQLQFUHDVHWKH%03XSWRO&+NJ76'XH
WRWKLFNHUFHOOZDOOVFDXVHGE\WKHZDWHUVDOLQLW\DQGRVPRWLFSUHVVXUHPDULQHDOJDHLQJHQHUDODUHKDUGHUWREUHDN
GRZQE\PHWKDQRJHQLFEDFWHULD0HFKDQLFDODQGHQ]\PDWLFSUHWUHDWPHQWPHWKRGVWU\WREUHDNGRZQWKHFHOOZDOOV
WKHPVHOYHVRUWRPDNHWKHPPRUHDYDLODEOHIRUEDFWHULD
$OVRFRVWVRISUHWUHDWPHQWDSSOLFDWLRQVKRXOGEHWDNHQLQWRDFFRXQWZKHQDQDO\]LQJXSVFDOHGV\VWHPVRIELRJDV
SURGXFWLRQIURPZDVKHGRXWPDULQHDOJDH7KHFRVWVRIVXEVWUDWH LWVHOIRQO\FRQVLVWRI WKHKDUYHVWLQJSURFHVVEXW
SUHWUHDWPHQWQHHGVKDYHWREHDFFRXQWHGIRU
%DVHGRQWKHWKHRUHWLFDOPHWKDQH\LHOGFDOFXODWLRQVWKHPRVWVXLWDEOHFRGLJHVWLRQVXEVWUDWHLVFDWWOHPDQXUH,W
RIIHUV HDVLHU WR EUHDNGRZQ HOHPHQWV WKXV JLYLQJ WLPH IRU EDFWHULD WR EUHDN GRZQ RWKHU VXEVWUDWHV 7KXV WKH
UHWHQWLRQWLPHVKRXOGEHORQJHU
0RUH H[SHULPHQWV DUHQHHGHGERWK IRU FKHFNLQJ WKH FRPSDWLELOLW\RI VOXGJH DQG FDWWOHPDQXUH DV FRGLJHVWLRQ
VXEVWUDWHVDVZHOODVIRUXSVFDOLQJWKHV\VWHPVWDNLQJLQWRDFFRXQWWKHHQHUJ\GHPDQGIRUSUHWUHDWPHQW
$FNQRZOHGJHPHQWV
7KLV ZRUN KDV EHHQ VXSSRUWHG E\ WKH (XURSHDQ 6RFLDO )XQG SURMHFW ³,QYROYHPHQW RI +XPDQ 5HVRXUFHV IRU
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